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s~-: *:: * * Abstract
The Large Coil Program (LCP) has the objectives of
obtaining and testing superconducting nagnets of a
size and in an environment that demonstrate feasibil-
ity of application for The Next Step (TNS). These
magnets arc to be in a toroidal array which nay include
from one to six magnets and are to be cooled by cither
pool boiling or forced convection of helium. The
toroidal array will bs housed in a large vacuum vessel
measuring about 11 a in diaaetcr and 11 a high. The
magnets will be modified D-shapcd coils, and will have
a bore of 2.S by 3.S •.
The progran objectives require a versatile and
sophisticated liquid hcliua supply and cryogenic dis-
tribution systea to aeet the test requirements. The
liquid helium supply system consists of a high pressure
gas storage system, a 1050-kW, two-stage compressor, a
refrigerator coldbox capable of delivering helium at
two thcrnodynasilc states, and a 19,000-liter helium
storage dewar with the associated piping and controls.
The refrigerator built by CTl is designed to supply
the experimental load with either supercritical helium
at temperatures to "v 3.5 K or as saturated liquid down
to *»> 3.5 K. The compressor system is an oil-flooded
rotary screw unit capable of operating to 0.5-ata
suction pressure. The first and second compression
s.agc sizes arc 300 kW and 750 kW, respectively, and
they nay be used either Independently or in tandem.
The features of the refrigcrator-llqueficr will be
described in this paper. The features of the. helium
distribution systca and cryogenic systems are described
in a companion paper by C. C. Lawson and J. R. Hay.
Introduction
The Large Coll Test Facility (LCTF) supplies an
environment for testing superconducting magnets of a
size and design that demonstrate feasibility of appli-
cation for TNS. Tl.' lest magnets are to be in a
toroidal array which may Include fro* one to six
magnets and may be cooled by either pool boiling or
forced convection of helium. The toroidal array will
be housed in a vacuum vessel measuring about 11 a in
diam and 11 m high. The magnets will be modified D-
shaped colls and will have a bore of 2.S by 3.S a.
The test criteria require that eacit of the magnets
be subjected to the abnormal heat loads which simulate
pulsing of the pololdal field colls and to the absorp-
tion of nuclear ra'tatlon and fault conditions,
including normalization of a complete one-half turn
of the conductor while the test magnet is operating
at 1003 of design current. The remaining magnets,
operating at 80% of design current, supply the back-
ground field. These requirements, in addition to the
normal heat loads associated with heat leaks and with
cooling the electric leads to the magnet, would require
a naxinua liquefaction capacity of about 330 £/hr of
liquid heliuct for lead cooling and a refrigeration
requirement of approximately 950 W at 4 K. The break-
down of these heat loads is listed in Table 1.
The General Flow Schematic
The helium llquefler-rcfrlgerator for the LCTF
has a rated capacity at 3.5 K of 866 W and 4.5 g/scc
C
Table 1.
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(120 t/hr) of liquid helium. This refrigerator will
be used in conjunction with a high pressure gas
storage system (17,000 n ) and a storage dewar capable
of holding 19,000 liters of Lite to supply helium for
cooling the electric leads and aagncts and for opera-
tion during the test program. The basic flow dlagraa
Is shown in Fig. 1. The heliua storage tanks can
receive gas from an outside iource or provide heliun
gas to the compressor or the coldbox. The compressor
can deliver helium gas to the coldhox or the high
pressure storage system. The coldbox has two low
temperature outlets and can deliver liquid helium to
the storage dewar for future use or to the experiment.
Tic helium is discharged through a JT valve before
going to the storage vessel. The liquid in the stor-
age dewar nay be maintained at 1/2-ata to 2-acm
absolute pressure while the compressor is operating
through a line which vents to the coldbox vapor
return line.
The helium delivered to the experiment can be
routed through the bypass lines, so the final JT
expansion will occur either before or after passing
through the experiment if desired.
The Rcfrigerator/Liquefler
The refrigerator coldbox was designed and built
by CTI with a Suiter gas lubricated expansion turbine.
The refrigerator ^oldbox capabilities arc shown in
Table 2.
The coldbox i;as lubricated turbine has a capacity
of up to t 200 g/tiec and an expansion ratio near 5.5:1.
The turbine, located between heat exchangers 3 and 4,
receives about two thirds of the total helium at ^ 20 K
and 14 atm, and delivers at *>- 11 K and 2.5 atm. Two-
thirds of the helium flow from the turbine returns to
the compressor through the first three regenerative
heat exchangers. The remaining onc-ehird continues
down temperature to the last stage heat exchanger and
the JT valve for liquefaction and refrigeration. The
work extracted from the expansion engine is removed
by a demlnerallzed water stream.
There are fear *ain heat exchangers in the cold-
box. The first operates between room temperature and
77 K; t' t product helium is cooled by LN2* tlie expan-
sion engi-M discharge gas, and the return vapor flow.
The second operates between 77 K and about 15 K. The
third exchanger operates between IS K and 11 K. The
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Fig. 1. Liquid Helium Supply System
third and fourth exchangers are cooled with the same
expansion engine return gas and vapor flow. The
fourth (bottom) exchanger operates between 11 K and
abour. 6.C K with product flow and return vapor.
Two adsorber beds are located between exchangers
2 and 3 at about IS K to remove gaseous impurities
such as neon, hydrogen, and organic molecules. The
final expansion occurs through the two parallel JT
valves ulth product liquid or liquid-vapor mixture
going to the storage dewar or to the experiment.
The refrigerator coldbox contains a rapid cool-
doun LM2 heat exchanger with a capability of cooling
100 g/sec of helium to about 80 K in the flow stream
coming from the first compressor stage. This heat
exchanger may be operated in parallel with the refrig-
erator main I.H2 heat exchanger to achieve a combined
cooldown capability to the coc-'.down load from the
300-K level to the 80-K level of about 0.6 kW/K with
a flow rate of 300 g/sec of helium gas. Below the
nitrogen temperature level, the helium flow and cool-
ing rate are decreased gradually to 100 g/sec at 20 K.
The cooldown rate of helium gas at 100 g/sec is
0.52 kW/K. The expansion engine has a AT of ^ 6 K
which results in a heat removal capability of 3.1 kW
between 20 K and 11 K.
The Compressor
The compressor is built by Sullair and modified
for helium use by CT1. The compressor's capabilities
and characteristics are also listed in Table 2.
The compressor unit has two rotary screw stages
which are oil lubricated. A high performance oil
cleanup system and at tercooler follow the two com-
pression stages. Tht first compressor stage has a
300-kW motor, a compression ratio of 6, and operates
at a suction pressure down to 0.4 atm. The flow rate
through each of the compressors is controlled by a
slide valve at the suction end of each compressor.
Maximum helium flow through the first stage is about
100 g/sec.
The second stage of the compressor has approxi-
mately 200 g/sec helium flow and is driven by a 750-W
motor. The compressor is controllable from about 10%
capacity to full capacity.
In a compressor for a helium liquefier, success
depends greatly on the oil handling system. The oil
injected into the helium at the entrance to each stage
acts as a lubricant and seal between the rotor and the
scroll, and as a coolant for the compressed helium.
The oil cleanup and purification train consists of
a cooler and roughing separator after each stage with
special fine mist separators after the second stage.
The special separator includes a mist separator fol-
lowed by two coalescence separators filled with special
fiber packing and is designed to remove mist particles
in the submicron size rcnge. There are two coalescence
separators in parallel, and they are cleaned routinely
in turn. The mist separators are followed by a char-
coal bed for removing hydrocarbon and other volatile
impurities from the helium. The oil itself is treated
before service to remove the low volatile fraction.
Helium Usage in the Experiment
The helium usage in the LCTF is for electric lead
cooling and for refrigeration of the superconducting
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Manufacturer - Sullair Co.
Type - 2 stage rotary screw in series, oil flooded
Compressor ratio - •v 36:1 overall
Capacity and range - 30 to 300 g/sec of helium gas
(350 to 3500 scfm)
Power input - 300 kW, 1st stage; 750 kW, 2nd stage
Oil removal - 2 bulk oil separators, 2 conlescent mist
separators, and a charcoal bed; also, special oil
treatment for volatile removal
Coldbox
Manufacturer - CTI
Expansion engine - 1 gas lubricated, Sul.er, 200 g/sec
helium flow
Internal calorimeter - for calibrating output and make-
up and storage dewar
JT valves - 2 in parallel from coldbox; 1 on low pres-
sure return for forced flow operation
Purifier - 2 parallel 20-K adsorbers
Precooling - LN2 precooling, addition rapid cooldown
LN2 exchanger
Refrigeration flow rate - 80-90 g/eec output
Other
Liquid helium storage - up to 18,000 liters










Table 3. Duty factor for magnet testing with the
available llquefier and refrigerator
1 coil: either PBa or FF
3 coils: 1 FF test, 2 PB background
6 coils: 1 FF test, 1 FF, and 4 PI}
background





Accordingly, we conclude that the presently
designed helium system is capable of carrying the
LCTF if a duty factor of 0.25 is considered acceptable
(running time 60 hours and recharging time 180 hours).
If larger duty factors are desired with the six-coil
tests, then an additional refrigeration capacity should
be made available.
Reference
1. C. G. Lawson and J. R. May, "Helium Distribution
System for the Large Coil Test Facility," Paper
L-13 presented at this conference.
magnets. The helium distribution system within the
LCTF for cooldown and steady operation will be
described more fully in a companion paper^ but will
be briefly mentioned here to explain the base strategy.
Lead cooling will require up to 300 £/hr of LHe
at 100% operating current. In addition, the refrigera-
tion system demand for a 6-coil test with 1 force
cooled test coil at 100% current and five background
coils at 80% (4 pool boiling and 1 forced flow)
requires 850 U at 4 K. This total requirement is
clearly beyond the continuous capability of our
liquefierrrefrigerator. Accordingly, we are using
storage dewars to supply helium to the leads and
pool boilers while the refrigerator cools the force
cooled magnets in a closed cycle with a cold pump.
The helium from the electric leads will be returned
to the gas storage tanks and the compressor. With
this mode of operation, a test run series would last
until the storage dewar was emptied, at which time all
the magnet current would be reduced to 80%, the refrig-
erator would be switched to liquefier operation, and
the storage dewars would be refilled.
Duty factors were estimated on the basis of the
ratio of potential testing time to total low tempera-
ture operating time; the following results are listed
in Table 3.
